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National Air Quality Forecast Capability

A Multi-Agency Effort
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Quality Forecasting Capability for
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Q Perform weekly evaluation of NAQFC to review air
quality model performance under different weather
conditions

Q Develop conceptual models of high pellution events for
different regions of USA

Q Study how the meteorological model inputs affect
biases in the air quality model predictions

0 Identify shortcomings of individual science processes
under particular weather conditions
L Solicit ideas to improve model performance
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Ozone and Particle Pollution: CAIR, together with other Clean Air
Programs, Will Bring Cleaner Air to Areas in the East - 2010

Ozene and Fine Particle Nonatt
Areas (April 2005)

t  Projected Nonaftainment Areas in 2010 after Reductions

from CAIR and Existing Clear Air Act Programs
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Regional Air Quality Forecasting
in NOAA/NWS/NCEP

EMC/AQ
Wednesday, August 25, 2010

National Air Quality Forecast Capability
A Multi-Agency Effort

Coordinated by
NOAA OST

~ NOAAARL. -

/ R&D; émission process. NOAANC
/ \ ﬁFc
NOAA NESDIS

Forecast products NOAA NCEF/EMC . R&D,
N Pre-implement test Satellite qata
; AQ measurement data Met s\ﬁ:or;i:f;(:t:?;(: pmcf SS9
Forecast product \ vl
orecast products o
P Evaluation Feedback Gocig%‘GMl -
——— 4 " Satellite data
Regional/State "...
EPA:

L'dcal assessment
AQ eventalert ..




GFS-0, port-in to

| NAM (WRF-NMM) run |

Current Operational
_ AQ processes

i !
NAM d n
o T N[TavposTo
EGRD3D/BGRD3D
PRDGEN Horizontally Horizontally Horizontally
Interpolate to Interpolate to Hawaii Interpolate to Alaska
CONUS LCC A-grid LCC A-grid LCC A-grid
PraMAQ 1
Adding  gy'cgos |[5xCBO5 | [Hawaii CBOS Alaska CBO5
pointarea || e g || LCC Cogrid | | LCC Cgrid LCC C-grid
Imobile/
Biogenic
emissions
CMAQ  [5XCB04| |[5XCBO5| |Hawaii GBOS | | Alaska CBO5
3 - { ' -
NAQFC Configurations
CONUS 5y DD.III:Ii[Ijl.
Ermnissions:

¢ EPA CEM anthropogenic inventories ]
* 2005 base year projected to current year w/ EGU
*BEIS V3 Biogenic Emissions

Met Model:

« North American Model {NMM)

» Non-hydrostatic Multi-scale Model [NMM)
»12 km 60 Levels .

ACQ Model:
*EPA Community Madel For Air Quality .
*CMAQ V4.6: 12 km/L22 CONUS Domain’
+Oper: CBD4 gas-phase
sExper/Dev: CB0O5/ Aero-4 aerosols
*Qutput available on National Digital Guidance Database
+438 hour farecasts from 06/12 UTC Cycles

" E_aste'r‘n US “3x” D’q;'ﬁa‘m\
FY-06-07 doa,

1He fivg Ozane Concentration(PFB) Ending Mon Sep 29 2008 TP EIT
iy o Sep 19 7000 T3 o

=

268 grid cells

Hatlonal Dlgital Guidance Calabese
g el on Grarnic resated-Cop 7O 7o KT,




Timing line of NAQFC (Nco, prod)

Cycle |NAM |PreGen|PreMA |CMAQ |Post |Verif. |NDGD
Q
00z 03z < 8min <5 min t0min | <5 min
{6h)
06z 09z 35 min 26 min 80 min | <5 min 13002
(SamEDT
(48h) .(; )nodes )
12z 15z The The same | The The 17:252
same as | as 06z same as | same (1:25 pm
(48h}
06z 06z as 06z EDT)
18z 21z The The same | The The
6h same as | as 00z same as | same
(6h) 00z 00z as 00z

Note: all used time relies on computer resources

NCEP Air Quality Forecast 2009 Verification
{8 hr avg ozone bias)

A AGN: LVYL-SFC STAT; bins
---------- Presmemen AQMPROD VMB 0OZOM1 RGN: Southeax! LVL:SFC STAT: bias
AQMPROD VARB: OZOM’t RAGHN: Midwes) 1VL: SFC STAT: bias
------- e eons - AQNPRQD YARE: GZONT AGH: LMEs-Voll LYL: SEC STAT: bixs.
————Q—MMFMD VARB: QZON RGH: SWEST-Coasl LVL: SFC STAT: bias
TP EE R TTLEE S AQMPROD YARB: OZON7T RGN NWEST-Coasl LYL:SFC STAT: bias
Production Experimental
2y e Y

:15 g o
00 072 04 0508 10 12 14 1B 18 20 22 24 24 28 30 22 34 35 A8 40 42 A4 46 00 62 0d 05 OB 10 12 14 5& 15 20 22 24 26 28 30 37 34 36 38 40 4% 4 36

Forazasr Hour (12 UTC Cvelal Ferseast Hour 112 LITE Cvelal

Almost the same for NW and Mid West
Higher for NE, SE and Low Miss Valley {increase positive bias)
Higher for SW (improve negative bias)




Impact on ozone prediction due to the regional model coupling with
global models via lateral boundary condition.

All West of
Stations -115°W =
)
$=0.887 | S=0.804 e
Fixed R=0.714 | R=0.69% o=
LBC MB=8.0 | MB=4.7 A
ppbv ppbv o
$=0.911 | S=0.914 =
RAQMS | R=D.718 | R=0.703 5
LBC MB=10.0 MB=7.1

ppbv ppbv
P

{(aqdd) 0 usapq payd

3 raasezSe2zez wacm
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Mean O; bias (ppbv) Compared to EPA Airnow data
Aug 1-5, 2006
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Improved PM predictions with GFS-GOCAR LBCs

—~ orpus Christi - Nat, TX 2006 8 Ouerat
€ CMAG+GFS-GOCART LBC

= During Texas Air Quality Study 2006, the model @50 '-Ka”.‘a‘*bs*-’: Tx2006 Sgbﬁé"iﬂse un 3
inter-comparison team found all 7 regicnal air %40 N C GMAQ+GFS-GOCART LBC 3
quality models missed some high-PM events, due Zag [
to trans-Atlantic Saharan dust storms. Qog [

= These events are re-visited here, using dynamic 8 10 &
lateral aerosol boundary conditions provided from o Ly -
dust—unly off-line GFS-GOCART. 20JUL 3WUL  02AUG (HAUG  GSAUG  CBAUG  10AUG

Youhua Tang and Ho-Chun Huang (EMC)
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Overview of
The Environmental
Modeling Center

Stephen J. Lord
Director
NCEP Environmental Modeling Center

NCEP: “where America’s climate, weather, and ocean services begin”

Overview

EMC organization
Role of models in the forecast process
Strategic highlights

— Mesoscale system consolidation (WRF)

— Next-generation
+ Global forecast model (ESMF)
» Data assimilation (JCSDA)

— Daily ocean forecasting (HYCOM)

— Hurricanes (HWRF)

— Ensembles (NAEFS, SREF, THORPEX)

— Land surface modeling and hydrology (GAPP)
Proposed strategic plan elements

Summary



In response to operational requirements:

EMC Mission

« Maintain the scientific correctness and integrity of operational

forecast systems

— Adapt to format changes and other changing operational requirements
— Adapt to new computing hardware
— Monitor and ensure the integrity of operational observing systems

+ Enhance (Test & Improve) Numerical Forecasts Through Advanced
— Data assimilation techniques
— Model physics (parameterizations)
— Numerical methods
— Computational efficiency

+ Transition and Develop Operational Numerical Forecast Systems for:
— Weather prediction (domestic, global, 1-15 days)
— QOcean prediction (daily to annual, coastal to global)
— Climate prediction (seasonal to inter-annual)

Maiatain: Modify current

Enhance: Test and improve

operational system to adapt to | NCEP’s numerical forecast
ever-present external changes | systems via scientific upgrades,

tuning, additional observations,

Transition and Develop:
transform & integrate code,
algorithms, techniques from
research status to operational

in response to user requirements status on NCEP computers

Mission Requirements &
Forecast Suite Elements

Suite Global | Reg. Fire Wx Air Global Regional Real si

Elements NWP NWP Rapid Quality | Ensembles | Ensembles | Time Climate
Update Ocean
Reg.
Hurricane

NCEP X X X X X X X X
UKMO X X X X X
ECMWF X X X




Environmental Modeling Center

Director
Deputy Director
Team Leaders
Administrative Staff

11

Marine Modeling Mesoscale Modeling Global Climate & Weather
& Anpalysis Branch Branch -Modeling Branch

9 5 18

!

"~ EMC Contractors

69
EMC Visiting Scientists

18

Environmental Modeling Center Service-Science Linkage

Service
Marine & Coastal Mesoscale Global Climate & Weather
QOcean Atmosphere Atmgsphere & QOcean .
DB Rao G. DiMego M. Iredell Science
‘ X Data Assimilation
X X : Leader: J. Derber
X x Climate
Leader: H.-L. Pan
X Model
x X Atmosphere/Ocean/ice
Dynamics
Physics
Land Surface/Hydrology
x x x Leader: K. Mitchell
babilistic Guidance
X x Ensembles & Pro
X Leader: Z. Toth
x Hurricanes
X X Leader: N. Surgi
Products
X X
x Development
Utilization
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Threat Score

Overview

EMC organization
Role of models in the forecast process

Strategic highlights
— Mesoscale system consolidation (WRF)
— Next-generation

- Global forecast model (ESMF)
- Data assimilation (JCSDA)

— Daily ocean forecasting (HYCOM)
— Hurricanes (HWRF)

— Ensembles (NAEFS, SREF, THORPEX)

— Land surface modeling and hydrology (GAPP)

Proposed strategic plan elements

Summary

Why Models?

“As go the maodels, so go the forecasts”

Impact of Models on Day 1 Precipitation Scores

~+— Human{HPC)
-u-ETA

(DOC GPRA goal)
0.35 _'
HFC Foregcasiers Add Value
0.3 k\ %
0.25 kfj\/
0.2 /'ﬁ’y/.\v ~7
0.15
\4 Models provide basis
0.1 for improvement
0.05
D T T 1 I I T ¥ T T T l T
N % o A S N )
S
RE I IR, O . R S

Correlations
Of HPC with:
Fta: (.99

| GFS: (.74
NGM: 0.85



The Environmental Forecast Process

g T

L |

{ ’ . i ;
o Observations : : Data
P — i C e
Lo ] I Assimilation
o ’ t
L Analysis ! !
oo e o o e :
t ) ) ‘
{ Model Forecast a
[ - : 9 B - -
u ¥ I Numerical
i : o ' Y e ek
| Post-processed Model Data ; Forecast
(P S ===~ 1 Sysiem

Forecaster

User (public, industry...)

Ingredients for Improved

Numerical Forecast Systems

« Primary ingredients
— Observations

- Data Assimilation & Model technology

— Computing resources
« Secondary ingredients

~ Post-processing and dissemination
— Research to Operations (R20) process

10
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Strategic Highlights

Mesoscale system consolidation (WRF)
Next-generation

— Global forecast model (ESMF)
— Data assimilation (JCSDA)

(GAPP)

Global

ESMF

Mesoscale community model: in

WRF

Explicit Cores for Weather Havards

Daily ocean forecasting (HYCOM)
Hurricanes (HWRF)
Ensembles (NAEFS, SREF, THORPEX)
Land surface modeling and hydrology

13

{e.g.. Hurricane, Dispersion, Aviation, Fire Wx, ....)

Toe
" Wx
Forecast

C M i Dynanic NCAR
— ! ;
DA Init Corel ARW o
1 i Dynamic NCEP R
z 2 | — Core2 NMM E
— 3 3 - F
N N Physics
A I
g 7 .

NOAH Conv  BL. Radiative

Implementation Schedule

development since 1997 — supported
through USWRP, NOAA, DOD, FAA,

UCAR, NSF

Supported at Boulder Development
Testbed Center (DTC); operational

implementation at NCEP and DOD

Same code run at DTC and NCEP

A

HiResWindow. WRF Ensemble in FYQ4
& FY05

North American WRF: Operational in
FY08

Hurricane WRF: Operational in FY07*

Rapid Refresh WRF; Operaticnal in
FYog*

+  WRF SREF : Operational in FYQ7

FireWeather/IMET Support and Homeland Security*

LICes alinw



WRF at NCEP

21 September 2004: 8 km WRF N
ARW & NMM into HiRes Window runs/—<—=
April 2004 to present: explicit 4.5 km
NMM runs for SPC/NSSL Spring Programs
28 June 2005: 5-6 km HiResWindow explicit runs

November 2005: Added 6-member WRF#
ensemble to SREF (6 =3 ARW +3 NMM i

June 2006: WRF-NMM and WRF-GSI
will replace Eta Model and its 3D-Var in

North American Mesoscale (NAM) runs B=

2006 NCEP Production Suite
Atmospheric Model Dependencies ™

e

Ayp e e o
BN

GFDL E

[ ey
i e

WRF-NMM

SREF oW

RSM

Dispersion

NAM - Eta

Sev WRF-NMM
Wx  VWRF-ARW

N
.
i Y

lAir Quality I

|RUC|




». 2007 NCEP Production Suite

g
g =
' St R 3
3
&

" Atmospheric Model Dependencies

| Hurricane :

i 2}

Sev WRF-NMM
W -
Wx RF-ARW

Chem WRF*l }— ‘
) ' Air Quality | .4
<tz ' NOAH Land Surface Model \ /

Z

T Rapid Refresh
! WRF
LBDAS "FY08

Strategic Highlights

Mesoscale system consolidation (WRF)

Next-generation
— Global forecast model (ESMFF)
— Data assimilation (JCSDA)

Daily ocean forecasting (HYCOM)
Hurricanes (HWRF)

Ensembles (NAEFS, SREF, THORPEX)
Land surface modeling and hydrology
(GAPP)

-]

18
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—

F Component Framewor
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Next Generation Global Model Development
EMC, ESRL -

Upgrades to current GFS

— Hybrid sigma-theta vertical coordinate (Juang)

— Semi-lagrangian advection (Sela)

— Finite-element vertical discretization (Juang, Kar)
Upscale NMM to global domain with Lat/Lon grid &
Fourier filtering and ESMF compliance

- Janjic

— Code keeper (Black)

Develop Fully Implicit SemiLagrangian (FISL) and
SISL techniques within the NMM model structure

- Kar

-~ Janjic
Apply “baseball” grid to NMM

— Purser

— Janjic
Apply icosahedral and Fibonacci grids to Finite Volume
dynamics

— Purser

— ESRL staff

Strategic Highlights

Mesoscale system consolidation (WRF)

Next-generation
— Global forecast model (ESMF)
— Data assimilation (JCSDA)

Daily ocean forecasting (HYCOM)
Hurricanes (HWRF)

Ensembles (NAEFS, SREF, THORPEX)
Land surface modeling and hydrology
(GAPP)

-]

22
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Joint Center for Satellite Data
Assimilation

John LeMarshall - Director
Stephen J. Lord (NCEP/EMC)
Jim Yoe (NESDIS/ORA)
L.P. Riishojgaard (NASA/GMAO)
Pat Phoebus (NRL)

NASA-NOAA-DOD Joint Center
for Satellite Data Assimilation
(JCSDA)

— NOAA, NASA, DOD partnership
— Mission
« Accelerate and improve the quantitative use of
research and operational satellite data in
weather and climate prediction models

— Current generation data

— Prepare for next-generation (NPOESS, METOP,
research) instruments

— Supports applied research
* Partners
* University, Government and Commercial Labs *



Advanced Data Assimilation
Strategy and Design Considerations

(NCEP/EMC, NESDIS/STAR, NASA/GMAOQ)

@

«  Common slements promote collaboration and accelerate progress

+ Managed diversity provides more information on system

performance

< Inclusive development strategy required due to advanced nature of

work and “THE” answer is unknown

» EMC: Evolutionary approach through incremental changes >
“Simplified” 4-D Var

* GMAO: Adjoint based techniques - “Classical” 4-D Var
similar to ECMWF

+ THORPEX: Revolutionary technique (Ensemble Data
Assimilation) different from variational approach

« Disciplined code management is essential for progress

25

Strategic Highlights

Mesoscale system consolidation (WRF)

Next-generation
— Global forecast model (ESMF)
— Data assimilation (JCSDA)

Daily ocean forecasting (HYCOM)
Hurricanes (HWRF)

Ensembles (NAEFS, SREF, THORPEX)
Land surface modeling and hydrology
(GAPP)

26
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« Goal: to develop and demonstrate real-time,
operational, high resolution ocean prediction
systems for the Global Oceans and Basins

« NCEP Partners with .
University of Miami/RSMAS .
NRL Stennis, NRL Monterey, FNMOC
NOAA PMEL, AOML e

. RO ] o 1= 114 | @ 1= 1% | ¢ =00 . o |V
Los Alamos National Laboratory P e Yy ]

*
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Others (international, commercial)

+ Hybrid isopycnal-sigma-pressure ocean
model (called Hybrid Coordinate Ocean Model
- HYCOM}

« Funded FY 2003-2007 by NOPP T "
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Coupling
2%
ae T -~ Observations
NASA-NOAA-DOD »
Py ™ Satellite
JCSDA kY (AVHRR, JASON, QuikSCAT) J:
TAIRS, JASON, WindSat, {1aRGO, Buoys, Ships) }
MODIS ; \___DataCutoff /
Advanced ’:’ CFS; 7 week data cutoff RTOFS: 24 hour data eutof§
ODA Techniques /777 oo —
. $1451K(total) ION.
\..§§41 K(direc’t)_.,i'A _' e
“““““ g CFS-GODAS RT-OFS-GODAE
' NCO/ODA -$446 K Shéredhistory, NOPP- 5285 K
EMC-$170 K codigg/anddata  EMG- $350 K
NOPP-JPL (ECCO)- $34 K Pigigssing
30
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Deployment Schedule

FY 2006

North Atlantic

World Oceans
North-East Pacific

2007

Initiate interactions with NOS on bay and estuary

model boundary conditions; Initiate wave-current
interactions. Storm Surge Modeling

2008

Global atmosphere-ocean Coupling and Hurricane-Ocean

http:/fefs.ncep.ncaa.gov/ http://polar.ncep.noaa.gov/ofs/



Strategic Highlights

« Mesoscale system consolidation (WRF)

« Next-generation
— Global forecast model (ESMF)
— Data assimilation (JCSDA)

« Daily ocean forecasting (HYCOM)

» Hurricanes (HWRF)

« Ensembles (NAEFS, SREF, THORPEX)

« Land surface modeling and hydrology
(GAPP)

3

The Hurricane Program

« Highly visible forecasts
— Protection of life & property
— Numerical products provide “guidance” for forecasters

— Extremely competitive
* Met Office
* Navy

* Global system (GFS) & regional model (GFDL)
— Annual upgrades
— Implementation before 1 June of each year

« USWRP support critical for operational system
« Recent beneficiary of supplemental $1 M 32



Operational GFDL Model
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Hurricane Model
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Strategic Highlights

Mesoscale system consolidation (WRF)

Next-generation
— Global forecast model (ESMF)
— Data assimilation (JCSDA)

Daily ocean forecasting (HYCOM)
Hurricanes (HWRF)

Ensembles (NAEFS, SREF, THORPEX)
Land surface modellng and hydrology
(GAPP)

&
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NORTH AMERICAN
ENSEMBLE FORECAST SYSTEM (NAEFS)

international project to produce operational multi-center
ensemble producits
Combines global ensemble forecasts from Canada & USA

- 40+ members per cycle, 2 cycles per day from MSC & NWS
+  B-hourly output frequency (instead of current 12-hourly)
+ Replaces current 26 members once a day setup

Generates products for
- Intermediate users
+  Weather forecasters at NCEP Service Centers (NWS)
- Specialized users
= E.g., hydrologic applications in all three countries
- End users

- E.g., forecasts for public distributicn in Canada (MSC) and Mexico
(NMSM)

Prototype ensemble component of THORPEX Global Interactive
Forecast System (GIFS)

- Operational outlet for THORPEX research using THORPEX
Interactive Grand Global Ensemble (TIGGE) archive

36



NAEFS Ensemble: Improved Probabilistic Skill
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NAEFS Performance

Appendix 6
KEY PERFORMANCE MEASURES
Improvement in Ensemble Forecasts
Requirement Threshold Actual Variance
25Ap¢-
10May06

. , et or exceeded

Bias Reduction {%) 50% 30.70% in Tropics & up

10 03 elsewhere,
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Strategic Highlights

Mesoscale system consolidation (WRF)

Next-generation
— Global forecast model (ESMF)
— Data assimilation (JCSDA)

Daily ocean forecasting (HYCOM)
Hurricanes (HWRF)

Ensembles (NAEFS, SREF, THORPEX)
Land surface modeling and hydrology
(GAPP)

&
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NLDAS Simulated River System

Upstream area {log10(km*2)] Travel time to outlet [days]

Large River basins

43
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LIS: The Land Information System
A joint NASA-NCEP Partnership

» A robust and flexible land/hydrology model infrastructure and
testbed to support multiple needs:

— Leverages the pilot projects of NLDAS and GLDAS

— Multiple space and time scales
+ 1-km to 2-deg resolution globally
+ Integrations of a few days to multiple years
+ Muitiple land models: Mosaic, Noah, VIC, CLM, Catchment
« Fast multi-processing computation design

— Support multiple programs:
» ESMF: Earth System Modeling Framework
+ JCSDA.: Joint Center for Satellite Data Assimilation \
+ WRF: Weather Research and Forecast Model

— Examples:
* LIS coupled to WRF modei via ESMF for execution of Noah LSM in WRF
— Needs/Opportunties
~« Add JCSDA Community Radiative Transfer Model (CRTM)
« Add community Kalman Filter data assimilation component 44

» Add stable “core” funding of NASA-NOAA Research & Operations

Transition



Overview

« EMC organization
Role of models in the forecast process
Strategic highlights

— Mesoscale system consolidation (WRF)

— Next-generation
* Global forecast model (ESMF)
+ Data assimilation (JCSDA)

— Daily ocean forecasting (HYCOM)

— Hurricanes (HWRF)

— Ensembles (NAEFS, SREF, THORPEX)

— Land surface modeling and hydrology (GAPP)
« Proposed strategic plan elements

Summary
45

Socio-Economic Benefits of
Seamless Weather/Climate Forecast Suite

Forecast
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TRADITIONAL NWP PROCESS

OBSERVING Data DATA
SYSTEM el ASSIMILATION

@ Analysis
Single value

USER forecast FORECAST
APPLICATIONS e — PROCEDURES

Fig. 2. Schematic diagram Hlustrating the one-way flow of initial value related information
in a traditional NWP forecast process.

INTEGRATED NWE PROCESS
Data +

Error estimate

OBSERVING T DATA

st ASSIM
SYSTEM Adaptive desigrr of ILATION
ahservations

Forecast error ] Initial siate -+
cewar realix Error estimaie

FProbabilistic

USER foraoast FORECAST
APPLICATIONS - PROCEDURES
Targeted forecast
FOQLITERTETHS

47
Fig. 4. Schematic diagram illustrating the two-way flow of initial condition related
information in the proposed new, integrated NWP forecast process.

Proposed Strategic Plan
Elements

Improved Services

Verification and Product Feedback
Projection Prioritized Seamless Suite
Information and Dissemination
Spectrum of Provided Services

48



Improved Services

+ Increased Numerical Forecast System (NFS) capabilities - examples are:
— AOR for sensihle weather
*  Dew Point
Maximum Temperature
Minimum Temperature
Precipitation Amount
Probability of Precipitation (POP 12)
Significant Wave Height
Sky Cover
Snow Amount
*  Temperature
+  Weather
+ Wind Direction and Speed
— Surface transportation
— Environmental monitoring (AQ + Atmos. Constituents)
— Ocean (SAR, water levels)
— Hydrology (water quality)
* Improved forecast accuracy with advanced
— Observations processing {e.g. quality control)
— Data assimilation (e.g. advanced techniques}
— Model accuracy (e.g. dynamics and physics)
— Post-processing {e.g. bias correction)

* Products characterizing all sources of forecast uncertainty
* More user-relevant products (e.g. radar and satellite view formats)
* Increased use of available observations

+  Contributing o observing system design and evaluation for future systems 49

Verification and Product Feedback

 Verify all products

— Maintain long term historical data base

» Demonstrate product improvement

» Comparison with international and domestic service
providers

« Common methodology across weather, climate, water,
ocean, land applications
— Conduct annual product review
* Key users participate actively
« Sets requirements and subsequent actions
+ Provides strategic direction for users (where we are going)

50



Projection-Prioritized Seamless Suite

» Seamless Suite of Forecast Products
— Focus depends on forecast projection (e.g. Weather > Climate)

— Examples are:

» 0-24h
— Severe weather (precipitation, winds, temperature)
— Sensible weather focus
— Aviation
— Surface transportation
— Hazards

+ 1-3 days
—  Synoptic systems
— Jet streams
— Define amplitude of extreme events
— Oceans (waves, ocean state)

+ 1-5days
— Hurricane track & intensity

+ 4-15days
— Likelihood of extreme events
— Regional scale impacts

= 16-60 days
— Changes in continental-scale regimes (AO, PNA)
— MJO and tropical forcing

* 2-12 months
~ ENSO events

» All applications have a probabilistic component 51

Information and Dissemination

«  “Model of the day” is not a future, scientifically supportable, solution.

« Instead, consider the following maxims:
~ Model output bias-corrected and in terms of climate anomaly

— Information from all available sources
+ Domestic and international models

—  Provide maximum usable information from opsrational NFS with thres
levels of information
» Most likely forecast
« Description of forecast uncertainty through probability density function {pdf)
+ Ensemble-based products for ali suites

— Disseminate maximum user-relevant information

* Deliver
— Both 3-dimensional (horizontal and vertical) fields
—~ Pointwise information with time series and vertical sounding capability as appropriate
— Most likely forecast
— Description of pdf

» Make available for user access ("NWS Digital Services”)
— Al NFS output including individual ensemble members

- Abijitglfc;r user to capture arbitrary collection of 5 dimensional information space (%, v, 2, t,
variable

— Publicly served
» User pays for transmission capability
» NOAA pays for load-balanced servers and disk farm
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Spectrum of Provided Services

Provide new products and services

— Inresponse to societal needs
Annual review

- Commensurate with available resources
Computing
Data assimilation and model personnel and technolegy
Ohservations

— Annual strategic presentation to upper NOAA Management
Environmental Modeling Program

Provide training services to enhance product use
— Annual workshops
- User guides {o products
+  E.g. use of pdf information
E.g.; how “most likely” product is constructed
- Routinely available verification statistics
~-  Product improvements
QOutreach to scientific community

— Unified Test Bed concept
+ Covers all aspects of NCEP and NOAA product suites
+ Supports transition to operations
+ Sets national guidelines for supporting research

— NOAA NFS software ful(l}( supported to scientific community for all applications (hourly to decadal;
atmosphere, ocean, land, hydrology, sea ice)
ESMI

International outreach
-~ Support NCEP's NFSs for international use
—  Fully documented systerns with training
— Robust retrieval of boundary condition and initial condition files for local, foreign users

Regular user workshops to provide information and discuss problems 53

Summary

WRF
— First major foray into community modeling

— Enables consolidation of mesoscale systems
Next-generation global system
— Planned to be multi-component system with ESMF glue
— Data assimilation techniques in collaboration with NASA/GMAC and
JCSDA
Daily ocean forecasting (HYCOM)
— Provides basis for full atmosphere-ocean coupling for weather, including
hurricanes
— Opens door to marine ecosystem forecasting
Hurricane WRF
— Coupled ocean and waves
— Already progress on hurricane intensity
NCEP systems
— Are ensemble based
— THORPEX is providing ground-breaking studies
Land surface modeling and hydrology
— Global and domestic hydrological forecasts (drives river runoff for
coastal modeis)
— Terrestrial ecosystem (e.g. dynamic vegetation) impacts
Proposed strategic plan is aligned with NWS CONOPS 54



Backup
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Overview

EMC Organization

. Performance of Global System for Weather &
Climate

Strategic highlights

— Mesoscale system consolidation (WRF)

— Next-generation
« Global forecast model (ESMF)
« Data assimilation (JCSDA)

— Daily Ocean Forecasting (HYCOM)

— Hurricane Forecasting (HWRF)

— Ensembles (NAEFS, SREF, THORPEX)

— Land Surface Modeling & Data Assimilation

(GAPP)
Strategic plan elements
Summary s
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NCEP Performance Comparison
Seasonal Forecasts

Raw Nino3.4 SST Correlation Skill

, Annual Mean 1931-2001
~ wrt Olv2 1971-2000 climatology NCEP CFS
100
CA {Statistical)
80
Y @ CFS
®
A
S 60 -
K
E
3
240
g -
[*]
Z
20
0 pul

3

Forecast Lead [ months ]

SREF Operational Performance

STAT=RHET PARAK=T FHOUR=51 V_AHL-ADPUPA ¥_RGN=G236 LEVEL-F831 VHHU=1200

¥ MODEL-SREF/ALL

] MODEL=SREF:21

f MODEL-GREFCTL
WMODEL=SREF/ETA
MODEL=SREF:RSM
MODEL=SREFWRF

STAT-RHET PARAM=VWHD FHOUR=31 V_AML=ADPUPA ¥_RGN-G236 LEVEL=P250 YHHRN=1200

4

MODEL=SREF/ALL
MODEL=SREF/21
NODEL-SREFCTL
MODEL=SREF/ETA
MODEL-SREF/RSM
MODEL-SREFWRF

850 mb
Temp

10 -

08 -

250 mb
winds

« Qutlier percentage reduced for SREF/21 system
« WRF sub-members agree best w/ obs as compared to Eta and RSM subs0
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Introduction to OSSEs
Basic Concepts

« Real/OSSE Data Assimilation System

Existing Real Observations
With & Without

Nature

Nature

* Observations

New & Existing Observations
With & Without

Run

Verification

A

Data Assimilation

1_' : Analysis

61

- Global 500 km Grid
. 2033 points

e
HRREREIN I BUE L

Fibonacci Grid used in the uniform data coverage OSSE
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Computing Comparisons
International Operational Weather & Climate
Forecast Centers

2006-2007
Center Peak Power | Throughput

MP=Massively Paralle| (TF) (TF)
NCEP (IBM, MP) 16 1.0
UKMET (NEC, vector) 4 1.5
ECMWEF (IBM, MP) 36.5 2.2
China (IBM, MP) 21 1.3
Korea (Cray, vector) 18 5.4
Japan (Hitachi, vector) 21.5 7.2 a4




Impact of Observations and Numerical Forecast Sy_Stem
Technology Growth on Global Forecasts
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FY06 EMC Budget

Total: $18.5 M
NOAA: $15.8 M
USN/ONR | Non-NOAA: $ 2.7M

B ORF

B NOAA/HPCC

O NOAA/Other
ORF OFAA

B USN/ONR
NASA

B DOE

Non-Navy DOD

NOAA/Other

NOAA/HPCC
Kelly report (2000) recommendation: 75% ORF, 25% “soft” 67
2002 budget supplement and adjustment: $2.8 M; 2006 DA: $1.0 M

Level I: Preliminary Testing (Lower Resolution)
Level II: Preliminary Testing (DA/Higher Resolution)
<7




EMC-GMAO-STAR Code Management
for Atmospheric Data Assimilation

Process: similar to ECMWF & Météo-France
who have annual code mergers

But, to promote collaboration, EMC and GMAO
use same repository and mergers are more
frequent (3 months)

+—— 3 months ——

e k%

% 4

GSI & CRTM
supported

&

Repository

2

o

rfe

el AcCepted changes

B EMC, GMAOQO System change

3
\

(O Repository change
*+  Repository Merger {new tag)

Protocols
1 - EMC, GMAQ take (agreed-upon) merged

¥

Time

code from repository to begin work
2—EMC, GMAQ incorporate developments into

repository :
3 — Code mergers, repository changes and

timing are NCEP’s decision
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Data Assimilation Status (cont)

* Gridpoint Statistical Analysis (GSI)

— NCEP's next generation system

. EB?}utli:?nary combination of the global SS1 analysis system and the regional ETA
A '

« Application to both global and regional analysis
« Strong heritage to satellite, radar, profiler, surface data
Background error defined in grid space instead of spectral space
+ Allows use of situation dependent background errors
+  Will accept ensemble information
Improved balance condition
« Adiabatic dynamics model
+ Capable of simplified 4-D Var
Improved and moderized code
» F90/95 structures and utilities
* Increased scalability of code
+ Efficiency
—~ Redesigned data distrtbution
. — Some OpenMP
» Better documentation
+ Less dependency on IBM
Community suppott intended but not resourced
« Currently 15 registered groups (46 users) using GSI code

* NASA/GMAQO major group using code and to date they have provided the most
updates from external users 71

1

'EMC Plan for Moving _ForWard
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EMC Plan for Moving Forward (cont)

* Implement ESMF version of GFS * Roll back to Non-ESMF framework (NF)

» Install NMM into ESMF framework + Install NMM in NF

+ “October 2005” . + “October 2005”

Success? Success?
Yes No Yes No
+ Adopt ESMF - Decide whether | |+ Adopt NF + Abandon CMI
'+ Addmore models || to retain WRF * Reconsider ESMF concept -
(e.g. COAMPS, FV) : and WRF concepts| L ' '

a

Most favorable L.east favorable

Spectrum of possibilities

73

Proposed NOAA Earth Modeling System [nfrastructure

»  Provide NOAA and external users access and support for operational and research ESM software
components
— Support NOAA Test Beds
—  Contributions from model groups
+  Establish NOAA standards
- ESMF compliant components
— Data formats (GRIB, BUFS, NetCFS, converters)
»  Supported categories
—  Observations
— Model-enabling databases (e.g. fopography, land-sea mask)
—  Forecast models
«  Atmosphere
Qcean
Wave
Stortm surge
Seaice
Land surface
Ecosystem
Stream flow
Air chamistry
«  Space weather
Data assimilation
Post processing and product generation
Verification
Utilities
Format converters
Basic scripls
Limited diagnostic packages
— Case archive

74



NPOESS Era Data

Volume

Daily Satellite & Radar Observation Count
2005 210 M obs

2003-4 125 M obs / 4
Level 2 radardata 2 B

/

00000

10.000

1.000

2002 100 M obs
100

10

Count (Millions) -

2010 2010-10%of obs

1990 2000

Strategy and Design Considerations
(cont)

+ Common elements
— Analysis code
+ Gridpoint Statistical Interpolation (GSI)
s Observations treatment
— Formats
~ Available information from each obs. Source
« Diagnostics, including Analysis Adjoint system
— ESMF compliant components
* Analysis
» Model Dynamics
+ Model Physics

— Testing protocols and case loads

« Managed diversity through different model components
— Provides additional diagnostic information
— NCEP uses Global Forecast System (GFS) Spectral Model

~ GMAO uses Finite Volume (FV) dynamics with physics
components different from NCEP 76



Current Satellite Data Assimilation
Development

» JCSDA partnership for Community Radiative Transfer Model (CRTM)
— NESDIS/ORA leads scientific development
- EMC transitions development to operations & maintains operational codes
— GMAO focuses on applications to NASA instruments used in research DA
systems .
— Examples of CTRM applications
« AIRS
MODIS
WindSat
SSMs
AMSR
oM
ATMS
IASI
CrlS
OMPS

+ JCSDA partnership for COSMIC (results next slide)
— Project management (NESDIS)
~ Data delivery, formatting (UCAR, NCEP Central Ops)
— Scientific algerithms and QC (JCSDA, NESDIS, UCAR)
_ Testing with CHAMP data prior to launch with DA system (JCSDA, EMC, UCAR]

Current Satellite Data Assimilation
Development (cont)

« Improved use of satellite data for SST analysis

— Improved AVHRR QC and bias correction (Xu Li, A. Harris)

— Addition of simplified ocean mixed-layer model (EMC-MMAB, GMAOQO)

— Use of microwave instruments (e.g. AMSR-E)
+ Upgrades to ozone assimilation

—~ GOME and current NASA, NOAA instruments (CPC, JSDI; Stajner, GMAG, AO)
« Land surface data assimilation

— Use of GMAOQO Catchment model as multi-Land Surface Model (LSM) system
(together with Noah, VIC and Sacramento LSMs)

— Collaboration on advanced Ensemble Kalman Filter {(EKF) techniques

«  Qcean data assimilation
— Use of altimeter data (EMC, Behringer)
- |mpacts on S/l forecasting (EMC, Behringer)
— GMAO uses Poseidon isopycnal model but will test developments in MOM-4

«  Observing system design and impacts
— Analysis adjoint diagnostic tools
— Observing System Simulation Experiments (OSSEs) for
» Understanding interaction between observing system and DA system
+ Defining potential impact of and preparing for future instruments 78



Example of Explicit 4.5 km WRF-NMM

courtesy of Jack Kain

WRF 24 hour 4.5 km forecast of 1 hour accumulated precipitation valid at

00Z April 21, 2004 (better than 12 hour forecasts by operational models)

Prob. THI>75

10 30 50 (11

TS

Mean/Spread 24 h snowfall




EMC-GMAO
Advanced DA Development (Var)

Complementary Development Focus and
Common Architecture

Adjoint
Diagnostic
Tools

¥ v

Evolved Next-Generation System in 2008

/N

Design Considerations - 1 Design Considerations - 2
Common System architecture Disciplined evolution of combined system
* Coding philosophy (ESMF) » Synchronize design modifications
« Data handling (QC, etc) - » Common system from most effective metheds
+ Bias treafment « Group decisions impact evolution at both EMC and GMAQ
» Experiment protocols and data : ' 1

Advanced DA Techniques - Plans

¢ .Short Term Plan (0-3 years)
— Converge EMC and GMAQ development to common analysis code (DONE)

— Harness NESDIS/STAR(ORA) experiise for Community Radiative Transfer
Model (CRTM) (DONE)

— ESMF compliant system for major components (analysis, CRTM, model)

— Fully coordinated software evolution with managed system diversity

— Applications to both global and regicnal systems (NCEP requirement)

* Long-Term Plan {>3 years)
— Implement next generation operational DA system at
+ NCEP for operations
«  NASA for research
~ Prepare for assimilation of
+ NPP instruments (ATMS, CrlS, OMPS, VIIRS)
+ Full NPOESS era suite
— Continue focus on advanced NASA instrumenis for R-2-O fransition
— Expand applications beyond atmosphere to
+ Qcean
« Land surface

» Global environmental monitoring and Air Quality
~ Ozone
— Aerosols 82
— Trace gases



Summary of CFS Forecasts for
2005-2006 La Nina

Mode| Forecasts of ENSO from Sap 2005

Jrom JRL

Dymemial el

Mockel Farecasls of ENSO fom Jul 2005

[IRT

» Monthly CFS
forecasts

+ Consistent
forecast of cold ~ -
event (-1 K) since b
June-July 2005 sk T E ms{

« Other models e PR —
converging on 1RMIMWMMM e JIRL | m m B
cold event BT I O
beginning in =
January

UM
e
e

4 KIAELNN

oy

PO SET omabs’C
£
&
=

HINTR A SST KnehrabeC

i3
H
N 4 25T Anomati*oy

KINGEA ST Anamunc)

A koY a4




p i g
> es
.’i‘\ ‘] |



Ref: No. [UMCES] CRL 07-045

For more information:

Chesapeake Biological I.aboratory
RO. Box 38

Solomons, MD 20688
410-326-4281

www. cOL. wmces. edu

O i
Bt st ™
I ™ et

University of Maryland

CENTER FOR ENVIRONMENTAL SCIENCE

CHESAPEAKE BIOLOGICAL LABORATORY

Special Series No. 88-100-07 of the University of
Maryland Center for Envirenmental Scicnee.

>

University of Maryland
Center for Environmental Science

Cbesapeake
Biological
Laboratory

S .-

has-refief sculpture in ihe pediment of Beaven Hall crealed by Hans
L_x- e e o e

CBIL. is one of three sister laboratories of the
Unsversity of Maryland
Center for Environmental Scicice.

We puirsite onr three-fold mission of
research, education and public service
through onr colleborations with the
University system, state environmental
agencies, the national and nternational
science commiity and the people of

Maryland.



CBL, is the oldest state-supporied lab on the Fast
Coast of the United States. 1t was founded by Dr:
Reginal Truitt in 1925 on land donated by the
people of Selomons. From the outser, CBL
Scientists focused on the natural vesourees of the
Chesapeake Bay and developed the scientific data
needed to formulate sound management practices.
They developed specialized techniques in their quest
Lo study this complex ecosystem and to understand
the causes for declining seagrass beds and once
abundant oysters and fish populations. Owver the
years, our successes have contributed to the effective
management of the Bay and helped provide a
model for effective coastal management programs in

other areas.

Today, CBL occupies 16 busldings on over 8 acres

of land, More than 125 faculyy, students and staff

uttlize state-of-the-art facilities and a broad range

of scientific practices to assess the ecology and health
iy -y Ofthe Bay. In

. pursuing our scientific

. goals, we combine our
earch for fundamental
&nowledge with the
development of
applications and
systeimns designed to
protect the environment and support the wise use of

o1y narural resources.

CBL faculty are curvently conducting research in
the areas of food web organization, energy budgets
of marine ecosystems, the fate and transport of
man-made chemicals that enter the Bay from the
air and survounding watersheds, biochemical
analyses to determine the effect of sab-lethal stresses
on maring animals, and A ‘
ecological research and
MANagement Studies on
shellfish and finfish.

From its carliest days,
CBL Fas been a center

Jor learning, attvacting scientists and teachers from

around the country to study at this window on the
sea. Our commitment to education is ongoing. We
now provide a range of educational experiences for
grade school students, as well as undergraduate
stridents from many colleges and universities.
Graduate students in residence work divectly with
our Scientists as they pursue their post-graduate
degrees. CBL faculty are major contributors to
graduate environmental programs in the

University System of Maryland.

In carrying out its mission, CBL strives to ensure
an informed public by providing convenient access
Lo the results of our research and to the knowledge
we have gained about this unigue coastal

enUIrOnmEnt.
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Chesapeake Biological Laboratory

University of Maryland Center for Environmental Science

The Chesapeake Biological Laboratory, founded in a small waterman's shack in 1925 by

Reginal Truitt, is the oldest state-supported marine laboratory on the East Coast of the United
States. It is one of three laboratories of the University of Maryland Center for Environmental
Science and home to the University's Research Fleet Operations. CBL has outgrown the

original waterman’s shack and now occupies 16 buildings

on over 8 acres of land at the mouth of the Patuxent River, — CBL LEADING THE WAY
providing an excellent vantage from which to carry out its In the 1950°s CBL founder, Dr. Reginald
three-fold mission of promating excelience in marine research, | Truitt, was the first Bay scientist to express
educating students of all ages, and sharing the results of population. He predicted within 50 years
ongoing exploration with the larger scientific community and without strict

at CBL fall into three primary areas; however, as is the nature
of environmental and marine sciences, many research projects | = * * * * *
cross disciplinary lines.

concerns for the Chesapeake Bay oyster

lapse.

citizens of Maryland. management for |
the oysters there |; = o :::Vli‘:“:m

would be a total i s

Research endeavors and graduate educational opportunities population col- & :

:

In the 70's & 80’s CBL scientists were instru-
mental in saving a collapsing striped bass

sEcosystem Studies - understanding the processes that fishery. Our research supported the result-
link the living and non-living components of a system and the | ing five year moratorium on fishing which
interactions arnong components in a system ultimately

allowed young
striped bass to
reach spawnlng
age to naturally
replenish the
population.

sEnvironmental Chemistry & Toxicology ~ understanding
the sources, transport, transformation, fate and effect of
pollutants, natural compounds, and man-made organic
chemicals on terrestrial and aquatic ecosystems

eFisheries Science - understanding fished species and ’ BRI J::, A
the habitats and ecosystems supporting them through an
interdisciplinary ecosystem-based research approach

;

i1 Research conducted at CBL has contributed to the critical knowledge
base necessary for effective management and restoration of not just
Chesapeake Bay but of estuaries and environments around the world.
Today, CBL scientists are leading the way in:

« Research efforts to evaluate and manage the Chesapeake blue crab
fishery

« Biomarker development for the early detention of pollutant effects

« Ballast water treatinent technologies

« Sturgeon restoration efforts along the East Coast of the United States

« Turtie development in response to environmental stressors

(Chesapeake Biological Laboratory Dr. Margaret A, Palmer 410-326-4281
P.O. Box 38 Director {fax) 410-326-7302
Solomons, MD 20688 www.cbl.umces.edu




Education - Outreach - Service

In collaboration with Maryiland Sea Grant, Maryland Cooperative Extension
and the Envirenmental Science Education Partnership, CBL offers a variety
of educational experiences for students and teachers of all ages. Over the
past five years, CBL has:

» Offered over 25 professional development seminars,
workshops and coures for teachers

e Hosted 10 teacher research fellows

« Hosted 40 undergraduate research fellows

» Provided over 100 lab and field-based experiences
for K-12, undergraduate and graduate students e

i
P
5

B

CBL's visitor Center, located CBL IN THE CLASSROOM

in the historic Solomons Since 2000, 300 teachers (representing 20 counties):
House, contains a varied mix
of permanent and changing e Pparticipated in 283 hours of workshops and

courses

s Received 46 continuing education credits, 14
graduate credits, and 1 advanced certification

to-date information Developed 42 new classroom Jessons

about the reseir‘:h s  Secured funding for 20 feld trips and school
efforts undertaken by our projects

exhibits designed to
impart the most up-

SCien_tiSts_' Since it’s * Made 14 presentations at local and regional
opening in 1998, CBL has: meetings
e Developed 6 new courses, curriculums or
» Recruited and trained over 60 docents professional development workshops for their
counties

s Welcomed over 20,000 visitors

« Published 9 volumes of Solomons Sketches

» Hosted over 65 public seminars and dinner
programs

s 5% of teachers reported a 75% incorporation
rate of program resources and materials into their
classrooms

TEC‘E‘?&S‘E&%{%& the broad national goals of managing resources for

sustainable use, preserving and restoring healthy
ecosystems, mitigating natural hazards, and ensuring public heatth and
national security. ACT is a NOAA-funded partnership of research institutions, [
resource managers and private sector companies working together to provide [
three unique services: : :

NN“ The Alliance for Coastal Technologies (ACT),
Mm ALLIANCE = headquartered at CBL, has been established to support

e Capacity Building through technology workshops
e Testbed for evaluating the performance of new and
existing coastal technologies in the laboratory and

under diverse environmental conditions
e Information Clearinghouse through a searchable

online datatbase of environmental technologies

Chesapeake Biological Laboratory
University of Maryland Center for Environmental Science
Dr. Donald F. Boesch, President




MBS  MANAGING BAY FISHERIES . . .

CENTER FOR EMVIRDNMENTAL STIENCE

CHLSAPAR BOLGGICA, LASORATONY . . . at the Chesapeake Biological Laboratory

DR. THOMAS MILLER  sosseass—

CURRENT RESEARCH OBJECTIVES:

» Determining appropriate reference points for ecosystem based
management.

+ Assessing how species abundances vary over time and identifying species
that respond similarly or oppositely to the same change.

» Determining how the spatial distribution of abundance
‘affect the dynamics of species in an ecosystem.

» Developing tools to track which offspring survive and
characterize the traits that made them successful.

SOME CURRENT PROJECTS UNDERWAY !

+ CHESFIMS: Chesapeake Bay Fishery-Independent Multispecies
Survey seeks to quantify trends in abundance and its spatial
distribution over time for juvenile stages of fish in the Chesapeake
Bay.

+« Mapping Production: We are seeking to develop techniques that
will allow us to map which areas of the coastal ocean are most
responsibie for the production of juvenile fish. This may promote
spatial approaches to management.

« FishSmart: Improving how recreational fisherles are managed
by directly involving recreational anglers and other stakeholders
in the process. T

« Sustainable Fisheries in an Ecosystem-Context: We are
seeking to use a variety of quantitative approaches to mine
existing data to understand how estuarine and coastal
ecosystemns should be managed for sustainable fisheries.

CONTACT INFORMATION:

FUNDING SOURCES
Dr. Thomas Miller

miller@cbl,umces.edu ‘ NOAA - Chesapeake Bay Office
410-326-7276 NOAA Coastal Ocean Program
www.chl.umces.edu Maryland Sea Grant™ -

ndation
Information Sheet Written and Designed by: Gordon and Betty Moore Fou

T. Miller & 1, Takacs




W8S  MANAGING BAY FISHERIES .

§ ]
i S . . . moving beyond 1 Fish, 2 Fish, Red F:sh, Blue Fish

ONCE GREAT FISHERIES? e —

Atlantic Monhaden Commercial Landings 1990-2003 in

Virginia and Maryland - Chesapeake Bay has seen dramatic declines in many of the fish
LTT]1éh and shelifish stocks that once supported rich commercial
e fisheries. Oyster stocks are at a few percent of thelr historical

abundances. Shads once supported a substantial fishery in the

rivers that feed the Bay - but such fisheries are now closed.
Thil3 i rieal 1raps Striped bass, which is now abundant, was only recently subject
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MANAGING A SINGLE FISH?

Traditionally, Chesapeake Bay fisheries have been managed as single-species.

A single species approach to
management treats the managed species
in relative isolation - balancing catches
against its reproduction. It assumes that
new individuals, over and above those
needed to replace fish that die, can be
caught — that is such surplus production
has no role in the acosystem:.

——————— THEY AREN'T OUT THERE ALONE! [P e R

Ecosystem- based fisheries management (EBFM) is an approach that recognized that mleIdual fish
species do not exist in isolation, but are
intimately linked to the environment in which
they live. This new approach to management
takes into account the relationships that exist
among different species (competition and
predation) as well as between species and their
physical, chemical and biological environments.

LI

EBFM seeks to balance the catches
against the reproduction. and the
“services” that each species’
provides to the ecosystem.
Services might include:

» Food for predators

Cleaning the water column
Recreational opportunities
Aesthetics

As a result EBFM must include more
points of view when allocating
catches.
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il
Diagram of the carbon cycle.

CARBON DIOXIDE = CO;

s QCEAN ACIDIFICATION . . .

. . . how carbon dioxide in the atmosphere makes seawater go sour!

WHAT 1S IT & WHERE DOES IT COME FROM?

= Tt is a colorless, odorless, non-poisonous gas that makes up
about 0.03 percent of the atmosphere.

« It is naturally produced through respiration, decay, ocean
processes and volcanic eruptions.

= It is a vital component in maintaining a balanced global carbon
cycle between the atmosphere, the land and the oceans.

ToO MUCH OF A GOOD THING? 1 s m—

Hurmans are artificially increasing the amount of CO; in the atmosphere through the following:

o Burning of fossil fuels (natural gas, oil & coal) ®

= o Production of cement @@;

These artificial increases can not be handled by our natural carbon cycle and as such have led to
some potentially serious environmental impacts.

1. Global Warming — excess CO, contributes to an increase in greenhouse gases resulting in
global warming (CO» traps heat in the atmosphere warming the earth). Global warming has
been associated with sea level rise, habitat loss and other environmental issues.

sesssesssssssssss SOUR OCEAN? mssaassssmsmmsn

Ocean Acidification - a decrease of ocean pH due to the formation
of carbonic acid as a result of increased dissolved CO>

concentrations.

CO; + Hx0 = HCO; = H* +HCOy

Carbon dioxide + Water = Carbonic Acid = Hydrogen + Bicarbonate

EFFECTS OF OCEAN ACIDIFICATION

Many organisms in the cceans make their shells and
other parts out of calcium carbonate - taking the
ingredients they need directly from the ocean.
When ocean pH drops the chemical composition of
seawater changes making some of the needed
ingredients no longer available for use.

Organisms that can not make their shells die.

WHO ARE THESE ORGANISMS? WHY SHOULD WE CARE?

Many of the affected organisms are microscopically
small and probably unknown to most of us but they
play important roles in the aquatic food web.

Others - like coral and oysters — are more
recognizable and support commercial industries as
well as beina a vital link in the aguatic environment.

Change inl sea surfa
man-made COz betw:
and the 1990s

How much CO2 are you responsible for?
Determine your carbon fodtprint at:
http: //www.climateprotect. ora/aal7

WHAT CAN You DO TO REDUCE
Your CARBON QUTPUT?

«  Use energy efficient appliances
¢ Recycle

«  Carpool

¢« Turn off lights

«  Reduce water usage

For more information about reducing
your carbon footprint, go to:
http://www.climateprotect.org/aal?




BWEs = METALS .

CENTER FOR, ENVIRONMENTAL SCIENCE

Cmsasmace Biotaccte ...at the Chesapeake Biological Laboratory

DR. JOHAN SCHIIF M

CURRENT RESEARCH OBIJECTIVES:

+ Understanding how metals are taken up or released by simple
marine plants, like seaweeds.

+ Modeling how metals in seawater interact with mineral particles
under different environmental conditions.

» Explaining the chemical behavior of metals in marine ‘dead zones’ and
other places where oxygen is depleted in the water column.

= Determining how metals are transported-by rivers and groundwater,
from the land to the ocean. '

e Developing new analytical techniques to measure extremely Iow metal
concentrations in natural water samples.

SOME CURRENT PROJECTS UNDERWAY:

. » Why does sea lettuce accumulate high levels of metals and can we use
-~ this knowledge to monitor metal poliution in coastal waters?

'« Is atmospheric carbon dioxide pollution making the oceans more acidic
‘ and will this prevent tiny swimming snails from building their shells?

e Are bacteria producing methyl-mercury in
‘ a layer of very salty water 2250 meters
below the surface of the Gulf of Mexico?

CONTACT INFORMATION:

Dr. Johan Schijf
schijff@cbl.umces.edu

410-326-7273 FUNDING SOURCES
www.cbl.umgces.edu )

University of South Florida
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